Fuel Source circular pans. 2.0m 2.
The objective of the tests was to provide the data for use in evaluating the environmental effects of lubricant oil fires in the compartment. Fifty-one tests were conducted to research the environmental effects (atmospheric temperature, radiation heat flux and so forth) on the surroundings with the various size fuel pans and compartments and the various air exchange rates. The concentration of the smoke and CO were also measured in the tests. Test results showed that the radiation heat flux from the high temperature gas and soots was greater than that from the flame because the later was interrupted by the smoke. The gradients of atmospheric temperature were hardly observed in the horizontal temperature distribution but were observed in the vertical temperature distribution in the compartment. It appeared that the concentrations of smoke and CO were able to be estimated from the ratio of burning rate and air supply rate. From the test results, we have developed a conventional and conservative method to evaluate the environmental effects of lubricant oil fire in the compartment.
INTRODUcrION
It seems that the lubricant oil fires may at times occur in an industrial plant facilities. Therefore, fire protection on lubricant oil fire shall be taken into consideration in planning the fire protection program of the industrial plant. In this consideration, we conducted the full scale compartment fire tests with turbine oil. The objective of the tests was to research the thermal influences (ex; radiation heat flux, atmospheric temperature and so forth) to the surroundings and the atmospheric condition (ex; smoke and CO concentration) in the compartment. preliminary fire tests preceding this test were conducted to get the fundamental data on lubricant oil fire and to obtain necessary data to decide the test condition.
(See Reference 1.)
TEST METHOD
Test Condition Test Models
Rectangular parallel-piped compartment were used in these tests. The internal dimensions of the compartment were 6.0m width, 5.0m height. The length was variable to 3.5m, 7.0m, IO.5m andI4.0m.
For the additional case, the compartment with the internal dimensions 20m length, 8.0m width and 5.0m height was also used.
The walls of the compartment were constructed with fire resistant insulation board (calcium silicate plate) of 25mro thickness. Test models are shown in Table-I . 
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Location of the instrumentation in Fig. - Pan was filled with turbine oil to the adequate depth according to the duration of an experiment and the gasoline was floated on the surface. It was set on fire by a little gun powder. After ignited, atmospheric temperature, smoke density, air flow velocity, radiant heat flux, CO density and so forth were measured.
TEST RESULTS AND CONSIDERATIONS

Burning Rate
As shown in Fig. -3 , lubrication oil burning rate in the compartment fire was nearly constant not relating to the values of parameter "13,,3 derived from the compartment volume and air exchange rates. (See Reference 1.) It appears that the variability of the burning rates of the compartment fire is similar to that of the open space fires and the burning rates is correlative to the diameter of fuel pan. Considering the above, we reached to the conclusion that we could estimate the burning rates of the compartment fire based on those of open space fire.
IFine thermocouples were used to restrict the ratio of the radiation heat flux in the measurement to a low degree 2sensors with water jacket were used to restrict the ratio of the convective heat flux in the measurement to a low degree. As shown in Fig. -5 , received radiation heat flux in the compartment fire was greater than that in the open space fire represented by theory locus curves and the decrease of the received radiation heat flux on the distance was not observed except in the proximity of the fuel pan. This might be because the radiation heat flux from the flame was interrupted by the smoke (gas & soots) and that from the gas was rather greater than that from the flame. Fig. -6 shows that the radiation heat flux increases with the increase of gas layer thickness (distance from south wall to receiver) and gas temperature which rises with the lapse of time. In case of small fuel pan, however, radiation heat flux from the flame was greater than the others. This might be because the smoke concentration and gas temperature was low. Considering the above, we studied the radiation heat flux as a function of the gas temperature. The correlation of radiation heat flux and gas temperature is shown in Fig. -7 and -8.
Experimental estimation formulas were developed from the test data as shown in Table- 2. In this table, constant "A" means the product of gas emissivity and Stefan-Boltzmann Constant as follows:
R: Coefficient of correlation 0: Stefan-Boltzmann Constant K: Gas absorption factor L: Gas layer thickness In spite of the formulas being developed, we reached to the conclusion that the radiation heat flux from gas might be estimated from the following formula because of three reasons that follows:
1. The difference of the radiation heat flux due to the distance was small.
2. The measured values were the limited one because radiation heat flux sensor could not catch the heat flux beyond the angle of elevation (=2/3 radian).
3. We estimated gas emissivity to the maximum (=1.0). For, we could not estimate the actual gas emissivity because we had not analyzed gas composition in tests. Table- In the end, we reached to the conclusion that the radiation heat flux in the compartment fire could be estimated conservatively by summing the heat flux values of gas radiation and flame radiation.
Atmospheric Temperature
As shown in Fig. -9 , the gradients of atmospheric temperature were observed in the vertical temperature distribution and were on the increase depending on the increase of fuel pan diameter or the decrease of the air exchange rate. gas temperature (at 6.75m against south wall) And the difference due to the fire location was not observed. The gradients of atmospheric temperature were also not observed in the horizontal distribution except just above the fuel pan. That is to say, atmospheric temperature was constant everywhere at the same elevation in the compartment. The correlation of the maximum atmospheric temperature at the same elevation and the parameter "0:,,1 is shown in Fig. - . II , :k/:'
,~. NOTE: This formula is available in case of initial atmospheric temperature being about 293°K '(=test condition). Difference in initial atmospheric temperature should be taken into consideration in case of estimating the atmospheric temperature in other initial condition.
Smoke
As shown in Fig. -11 , the concentration of the smoke became beyond the measuring limit (Cs=5) of the instrument by about 5 minutes. It was observed that the speed of smoke accumulation was very high in the compartment fire. We developed the following experimental formula to estimate the smoke concerit.ration. We developed the following experimental formula to estimate the CO concentration.
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2.50M Air Flow Velocity
We developed the following experimental formula to estimate the air flow velocity.
As shown in Fig. -13 , the values of air flow velocity were on the decrease with the increase of convection distance. 
CONCLUSION
We developed the method to estimate the compartment fire behavior conservatively as follows.
(1) The burning rate in the compartment fire can be estimated at that in the open space fire.
(2) The radiation heat flux can be estimated at the sum of heat flux values of gas radiation and flame radiation. The tests were conducted by the joint study of the following companies. 
